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PITCHING MOMENTS AND HIGH LIFT- DRAG RATIOS 
By Neal Tetervin 



SUMMARY, 



. . Airmail . sect ions tha t have small ,.or zero- p.itching- 
moment coefficients and high lift- drag ratios have been 
developed ...and t.e st-ed ; With sect ions . hav i-ng pitching-, 
moment: .co effic ients close to z»er.o». maximum section lift- 
drag .ratios that were "almost" twice a s ...great- as those which 
have teen attained, on sect ions of the NACA 230-ser.ies air- 
foils were attained in the Reynolds number range from 
1.7.X 10 q to 3.2;. X 10 6 . Such . character i st i e s are desir- 
able for rotor-blade sections, ..but the new sect ions .have 
the d i sadvant age. ' that .t hey, are unduly, sensitive to rough- 
ness.. The action- of. forces caused by the rotation of the 
blades on the partly stalled regions over the rear portion 
of the airfoils in the rough condition is not well. under- 
stood, 'but it -is believed that the ^action may. be beneficial. 
It is felt .desirable that some; of . the new sections be tested 
in • a full-scale rotor. 



INTRODUCTION 



Two of the most important characteristics of airfoil 

sections designed for use on. rot or blade s are low--prof ile- 

drag coefficients in the useful range of lift coefficients 

and practically zero pitching moment about the aerodynamic 

center.. The. purpose of the pre sent ... invest igat i on was to 

develop . airfoil s with zero p it ching moment that , at high 

lift coefficients* had prof il e-drag ; coeffic ients ;no. larger 

than tho se " usually ' obtained... wi$h low-drag., airf o'i Is at . 1 ow 

lift coefficients. The. maximum lift-drag- rat i o : ( c^ /c&) ma 

was used as- a criterion- of - the- airfoils. The u.se of 

(cl/c&) as a criterion .favors the airfoil that can 

ma x 



maintain low drag .ai.. 3iig'h. lXf it. .c-oe-f flcl ent s over the air- 
foil that has equal or possibly lower drags at smaller 
lift coefficients. This criterion, in effect, places most 
import a ne'e' oh the r:e-duc"t.'i:oh of ro'tor pro'file: power in the 
hovering range and at low forward speeds. As the forward 
speed increases, -the ad-rf oils . o?p e.ra't.e- over v a aucli wider 
range of lift coefficients; and, .although low profile 
drags are still desirable, the simple - cr it -eri-oji c d) max 
in itself no longer provides sufficient basis for choice 
of an airfoil. 

Of the conventional airfoil sections previously devel- 
oped by the NACA, the NACA 2 r 6Q series gave the highest lift- 
drag ratios with small pitching moments. It seemed likely 
that lift*-drag ratios higher than obtained with the NAGA 
230-series airfoils could be attained, while zero pitching 
moment- was maintained, by designing the airfoils to keep 
extensive laminar 'boundary layers in the design range of 
lift coefficients. A series of section's were accordingly 
de signed' and tested in an attempt to obtain the highest 
iift-d'ra-g ratios with zero : p itching; mo-ment > _ 

Two groups Of new -airfoil s and one ' member of- the FACA 
2'60 series were -tested. Th : e first" grOup of new airfoils 
Consisted of a low-drag -airfoil and modifications of it. 
The or iginal ' airf oil of -this group had a high lift-drag 
ratio but a' pitching- moment too large for use on rotor 
blades. Several modif icat ions of the tail portion of this 
airfoil were made i'n ,: an attempt' to reduce the pitching 
moment and, at the same time, to maintain lift- drag ratios 
as high as possible. The second group included two low- 
drag airfoils that differed only in the amount of camber. 
The jSACA 23015 airfoil section was tested at the same 
Reynolds number as the newly developed sections and the 
data are included for comparison. 

APPARATUS AID METHOD 



The tests of the new airfoils were made in the ITACA 
two-dimensional- low-turbulence tunnel, hereinafter desig- 
nated KACA LTT. This tunnel has a test section of the " 
same dimensions as the test section of the NACA two-' 
dimensional low-turbulence pressure tunnel, hereinafter 
designated NACA TBT, which -is described in reference 1, 
but operates only at atmospheric pressure. The lift and 
drag of a model are obtained by the same method as in the 



NACA- TDT- ('reference' l) -The' pressure . distributions on. the 
model-s • were obta-in'ed "by using; a small -stat ic-pressure : tube 
that could' be placed at. the • desired position, on the airfoil 
surface.- The pitching moment-s. were . measured in- 'the .NACA 
£TT by so mount iti-g thei: models • tha.t they • were free to pivot 
in a' ball bearing • l ocat ed- in one wall of the - tunnel and 
restrained-, through the other ' wall . by a' torque arm • consi st- 
ing of a calibrated steel: rod- acting., in torsion, .. In. order 
to allow the model., to pivot . o.n the t orque'. arm, it was-, neces- 
sary t o. leave, . small- g.ap-s between' the' model ends, and the 
tu an el ' wail s'.. ■ . The' " ef f .e c t s ' 6 f .' t h e's e" en d " gap's ' on the me a s- 
ured . li.f.t and drag were /eiiminat ed 'by ret e st ing the models 
sealed to the walls • The., lift and drag data presented .'were 
obtained with the models sealed to the tunnel walls for all 
models except the NACA 2-H-15 airfoil section. The data 
for this model were believed t o be 'sufficiently reliable 
as obtained to make a special test unnecessary. The effect 
of the end gaps on the pitching moments is believed to be 
small especially because, throughout their useful range, 
the airfoils had pitching moment s - that were practically 
constant. All the, .data have been corrected for the. finite 
size, of the test section.-. 

The- NACA 23015 airfoil section was" tested in the 
NACA TDT. The methods of obtaining lift and drag are ex- 
plained' in- reference 1. In order to- obtain p itching- 
moment, data, a torque arm f a stene'd. to the model is used. 
The torque 'arm used' in' the IT AC A 'TDT is much' stiffer than 
the torque arm used in the NACA LTT. and,- in addition, 
the torque arm in the NACA TDT incorporates a damping 
device. 

The method of constructing and finishing the models 
is explained in. reference 1.. ' Two groups, of new airfoils, 
including the models d.e signat e*d NACA l-H- 15, NACA. 2-H-lb, 
tiACA' 3-H-13'. 5, - NACA 4-H- 12 . 4 , " NACA 5-'H-15V: and NACA 6v*H-15 
and one member of the NACA 230 series, .the NACA 230 15", were 
tested. The designations of the newly developed' airfoils 
are -considered temporary pending the development of a more 
descriptive system of designation. The first number is 
merely a serial number to 'identify the airfoil. The H 
means that the airfoils were developed for use on rotating- 
wing aircraft. The last .two numbers .give, the thickness 
ratio of the airfoil t/c in percentage of the chord. 

In figure 1 are presented plots of the airfoils and 
in table I, the ordinate's "for' the airfoil sect ions. "The 
NACA l-H-1'5 airfoil was the' original' lo'w~d.r~ag sect Ion" used 
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in the derivation of tha OTACA 2-H-1-&, NACA 3-H-13.5, and 
HACA 4- E- 1 2 » 4 airfoil sections. -In ord-er to reduce the 
pitching moment, the tail va-s swept up re suiting i" the 
UACA 2-H--15 airfoil sect-ion. The pitching moment was 
still high. A tail extension was therefore added and the 
upsweep at the tail wa s slightly changed resulting in the 
KACA 3-H-13.5 airfoil section. Finally , in an effort to 
increase (cycd) ffiax the upsweep at the tail was removed 

and a longer tail extension was used resulting in the 
IACA 4-H-12. 4 airfoil section- The MAC A 5- H- 15 and 6-K-15 
airfoils have the same thickness distribution and the same 
type of mean line "but the NACA 6-E-15 has 35 percent more 
cam'Der than the NACA 5-H-15 airfoil. 



PEESMTATIOH OF EE SUITS 



The results 'of the tests are presented .in figures 2. 
to 22. A lift-drag polar is given for each airfoil. Sec- 
tion lift- coefficient c^ and sect ion- pi t cii-ing- moment . 

coefficient about the aerodynamic center c ffl are 

. a . c . 

plotted against the section angle of. attack a 0 A pressure* 
distribution curve of f-^-i against y/c is given for 
each of the new airfoils- at >app r oximat ely the design angle- 

of attack: ( ~ i is the= square of the ratio of the local 
\" o J 

velocity over the airfoil surface to the undisturbed veloc- 
ity of the stream; x/ c defines the Position al.ong the 
airfoil chord and varies from zero at the -nose to unity at 
the' tail. In figure 22 is presented a lift-drag polar for 
the HACA 5-H-15 airfoil section with the nose roughened.. 
The characteristics of the various airfoil sections are 
summarized in table II. 



35ISCUSSIOH 



The r elat ive . imp or tance of various desirable airfoil 
characteristics depends in large measure on the requirements 
of the particular design. It appears necessary » however, 
that any section to be used on rot at ing- wing aircraft have, 
zero, or at least very small, pitching moment. Low- profile 
drags are desirable but the profile drag cannot always be 



reduced in one range of lift coefficients without increas- 
ing the profile drag in another range. The particular 
range of lift coefficients in which low profile drags are 
most important depends on the requirements of the specific 
design. High values of Cci/c^) are particularly de- 

sirable for helicopters in the hovering condition and at 
low forward speeds. The significance of this criterion in 
itself decreases as the forward speed of the aircraft in- 
creases because the range of angles of attack through which 
the blade section operates increases. The importance of 
high critical Mach numbers increases as the forward speed 
of r ot at ing-wing aircraft increases. The importance of 
high maximum lift coefficients also increases with the 
forward speed of the aircraft. 

In designing the airfoil sections, most emphasis was 
put on. obtaining high lift-drag ratios with zero pitching 
moments. Sections that had high lift-drag ratios also had 
low profile-drag coefficients and relatively high critical 
Mach numbers at fairly high, lift coefficients. The emphasis 
on aerodynamic requirements produced airfoils that had con- 
cave curvature at the rear upper surface. Although to some 
users of the airfoils the concave curvature may appear 
unde.sirable from constructional consideration?,, the present . 
methods of construction may possibly be so -modified that 
full advantage may be taken of the. aerodynamic character- 
istics of the airfoils without paying too high a price in 
weight or difficulty of construction. 

Some of the new airfoils have pitching moments prac- 
tically equal to zero throughout the useful range of lift 
coefficients.. It is difficult, however, to combine zero 
pitching moment with the high design lift coefficients 
necessary for high lift-drag ratios "because, for zero 
pitching moment, the forw.ard portion of the airfoil carries 
more Lift at a. given lift coefficient than it would . if 
there were no down load at the rear of the airfoil. The 
boundary layer .over the upper surface of a zero-moment 
airfoil is thus closer to separation at a given lift coef- 
ficient than is usual. for a cambered airfoil with the lift 
spread more evenly over the chord, In addition, because 
the lift .is -unevenly ' distributed .'over the chord, the crit- 
ical Mach number at the. design lift coefficient is lower 
for the new airfoils than it" would be if some pitching 
moment were permitted. 

:Over fairly large ranges of the lift coefficient, the 
new airfoils, in their smooth condition, have drags that 



are appreciably lower than the drags obtained with the "best 
of the previously developed NACA conventional airfoil sec- 
tions; having, a surface finished in the same manner as the' 
low-drag sections. Lift-drag ratios almost twice as large 
as can be obtained in the same Eeynolds number range with 
th ; e best of the previously developed conventional airfoil 
sections '.have been, obtained with the new low-drag, sections. 
Outside" this low-drag range, however, the new airfoils 
have higher drags than conventional airfoil sections. 

The critical Mach numbers of the new airfoils, given 
in table II, have been estimated from the pressure, distri- 
butions given in. the .figures. Within and above the. low- 
drag range, the crit ical Mach numbers of the airfoils: will 
decrease with increase of lift coefficient. If the lift 
coefficient is decreased, much below the. value at the low- 
lift end of the. low-drag range, a peak that will cause a 
reduction in the critical Mach number will occur in the 
pressure, di stribut ion at the nose of the airfoil on the. 
lower surface. The new airfoils, which have the lift more 
evenly distributed oyer the chord than the NACA 230 or 
symmetrical series airfoils, may be expected to have higher 
critical Mach numbers for a given lift coefficient because 
of the absence of local peaks in the pressure 'distribution. 

The maximum lift coefficients of the new, airfoils are 
lower than' those obtained in the. same Reynolds number, 
range with the MCA 23015 airfoil and slightly lower than, 
those obtained with the NACA 0012 airfoil. Unpublished 
test results of the UACA 0012 airfoil in the UACA LTT at 
a Hey nolds ' number of 2 .5 X 10" 6 show a maximum lif t coef- 
ficient of .1.3 6. 

In order to duplicate the low drags obtained in the 
wind tunnel,, the airfoils must be fair and must have the 
same surface finish in regions of increasing velocity as 
the wind-tunnel models had. The regions of increasing 
velocity are. shown in the pressure distributions given in. 
the figures. Any. surface, imperfection, such as specks or 
waves, that can be felt by hand in .the' region of increas- 
ing velocity is probably large enough to cause transition 
from laminar to turbulent flow ahead of the position of 
maximum velocity and thus, to cause a rise in drag. A 
more complete discussion of surface conditions necessary 
for laminar flow is given in reference 1. The drag that 
can be expected from the new airfoil s when the surface at 
the nose is very rough is shown in figure 22. This fig- 
ure contains the results of a test of the N'ACA 5-H-I5 
airfoil section with the leading edge of the airfoil 



covered. with a strip of carborundum- covered cellulose 
"Scotch" tape 2 inches wide that was wrapped around the 
leading edge. A comparable tes-t o-f -the NACA 23015 airfoil 
has not been made; a test reported in reference 2 of the 
NACA 23021- airfoil with the leading edge rough, however* 
shows this airfoil to be less sensitive to roughness than 
the low-drag sections presented in the: present report. 
The NACA 23021 airfoil, because' of its .gre.ater thickness, 
is probably more sensitive. to roughness than the NACA 23015 
airfoil . 

Another indication of the sensitivity of the low-drag 
airfoils to roughness is given by the value that .the drag 
on the smooth airfoil reaches just outside the high-lift 
end of the low-drag range.. A .sudden rise, in drag to large 
values ind.icat.es sudden separation of the flow at the rear 
of the airfoil. This sud.d„e.n separation-occurs because, at 
the end of the low-drag range, the boundary .layer over the 
forward portion of the' airfoil changes from a thin laminar 
boundary layer to a relatively thick turbulent, boundary 
layer. With the change to a. turbulent boundary layer over 
the forward portion .of the upper surface, the. boundary, 
layer at the rear portion cannot overcome the pressure rise 
occurring on these sections (reference -2).. 

The figures show that the p itching- moment curves for 
the low-drag airfoils departed from straight lines in the 
region at the high- lift end of. the. low-drag range. 

Pitching oscillations with amplitudes of about 2° and 
a frequency of about 2 cycles per -second were observed at 
■the high- lift end. of the low-drag range for the NACA 2-H-15 
NACA 3- E- 13. 5, . NACA 4-H-12.4, and" .NACA 6-H-15 airfoil sec- 
tions, which were tested on the relatively .flexible torque 
rod used in the NACA LTT. No -oscillations were observed 
for the NACA 5-H- 15 airfoil under the same test conditions. 
In addition to the- oscillations at the high- 1 if t end of the 
low-drag •range , the NACA • 6-?H-15 airfoil underwent a sudden 
and violent oscillation at an angle of at'tack'of .-t9.3°. 
The NACA l-H-15 airfoil section was tested in the NACA LTT 
on a rigid moment, balance that had a stiffness in torsion 
much greater than the torque arm. Ho oscillations were 
noticed during the test of t.h% s airfoil The NAOA 23015 
airfoil sect ion. was tested on the relatively stiff torque 
.arm with which the NACA ..IDT- is f itted. From the charac- 
ter of the lift, drag, -and p it ciilng-moment curves obtained 
for the NACA 23015 airfoil .section,- no oscillations are to 
be expected with, this airfoil. The oscillations observed 
for some of the sections are believed to be caused by the 
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rapid change, at. the high- lift end of the low-drag range, 
from the unseparat ed to the separated type of flow at the 
tail of the. airfoils. The oscillations stopped as soon 
as the angl.e of attack was definitely outside the range 
in which a small change in angle of attack would cause the 
flow to change from one type to the other. Although oscil- 
lations of any type are undesirable, it is believed that 
the characteristics of the torque arm allowed the airfoils 
t o oscillate for a change in pitching moment which would 
have been insufficient to cause noticeable oscillations on 
a stiffer torque arm. The stiffness constant for the torque 
arm had an average value of 4 foot-pounds per degree de- 
flection. 

When airfoils, are used, as rotor blades, the conditions 
under which they .operate will, be different fro'm the test 
conditions, in the wind- tunnel. For. all • eondit ions of 
flight, the boundary layers on the blades will be subject' 
to strong centrifugal and . aerodynamic- pressure gradient's 
and- in addition., for conditions of forward flight, the angle 
of attack, angle- of yaw, and velocity-will vary rapidly. It 
is possible that t he ■ spanwi se pressure gradients may ad- 
versely affect the laminar boundary layer' and thus the- low- 
drag qualities of the airfoils. The' effect of yawed flow 
may be similar to the effect of the spanv/ise pressure 
gradients.. T.he.action of ' the spanwise pressure gradients 
on the separated region at the rear of the - airfoil a , which 
is present when the drags of the airfoils are high, is 
likely to be beneficial. The forces acting along the span 
of the blades will tend to make the separ at ed . f low run out 
along the blade . span, and the. Cor iolis f orces will tend to 
sweep the separated flow of f : the trailing edge.- The rapidly 
changing angle ... of • at tack in forward flight may not- provide 
sufficient time for the boundary layers to build up to the 
steady values . associated with the .section characteristics 
obtained from, the wind- tunnel tests. In. forward flight, 
the- effect of the: rap id changes in velocity over. the sec- 
tions of the blades may be similar to the effect of the 
rapidly , changing angles of attack. 

It i s ; recommended that a rotor using low-drag sections 
be built and tested full scale. Such a test would- serve 
to indicate, whether the sum. of all possible differences 
between the wind-tunnel test conditions and the rotor con- 
ditions, would be sufficient to .affect noticeably the rotor 
characteristics. Tests of rotors that have 'different sec- 
tions ?/ould also serve to indicate the extent to which 
section characteristics affect rotor characteristics. 



CONCLUDING' REMARK S 



New airfoil sections that have small or zero pitching- 
moment coefficients and high lift-drag ratios have "been 
developed and tested. With sections having p i t ching-moment 
coefficients close to zero, maximum section lift-drag 
ratios that, were almost twice as great as._t.hose which have 
been attained on sections of the NACA 230- series airfoils 
were attained in the Reynolds number range from 1.7 x 10 6 
to 3.2 X 10 . The new airfoil sections, because of their 
small pitching moments and low prof ilerdrag coefficients 
at moderate lift coefficients, may be suitable for use on 
the rotor blades of rot.at ing-wing . aircraft . It is desir- 
able, however, that some of these, sections be tested on 
a full-scale rotor to observe their characteristics in 
actual rotor u f se and to determine whether certain undesir- 
able characteristics, such as sensitivity to surface rough- 
ness and change in pitching moment, which were noticed in 
the tunnel, have a serious effect when the sections are 
applied to rotor blades-. 



Langley Memorial Aeronautical Laboratory, 

National Advisory Committee for Aeronautics-, 
Lang ley Field, Va. 
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TABLE I 

joaroiWECTiasr okdiitatbs 

[Stations and ordinates in percent of airfoil chord] 



HACA l-H-15 






Lower surface 


IV bdv* XOXl 




Station 


Ordinate 


-0.037 


l.HHS 




~o . oUp 


'R 


p p"*p 


. R 


— 6RR 


7R 
•.1.3 


P U?!?! 

C • TOO 


.7R 




1 *PR 

X « CJ 




1 ..2R 


* WW J 


2.R 




2.R 


-1.121 


R.O' 


R.177 


5.0 


-1.30H 


7.R 


fi". ^0R 


7.5 


-1 . 367 


10 


7.276 


10 


-1 • Hoo 


1R 


8.916 


15 


-1^37 


20 


10.267 


•20 


. -I.H53 


25 


11.363 


25 


-1.H5S ' 


30 


12.217 


30 


-1.H83 


35 


12.831 


35 


-1.517 


Ho 


13.166 


Ho 


-1.565 


^5 


13.2H3 


H5 


-1.620 


50 


13.017 


50 


-1.679. 


55 


12.H28 


55 


-1.721 


60 


11.H59 


60 


-1.75^ 


65 


10.073 


,65 


^-1.766 


70 


8.272 


7P 


-1.761 


75 


6.151 


75 


-1.717 


go 


3.927 


80 


-1.61H 


85 


2.031 


85 


-1.H60 


90 


.53s 


90 


+1.200 


95 


-.261 


95 


-.797 


100 


0 


100 


0 



UA0A 2-H-15 


Upper surface 


XIUW"X 


an "> * "p ' 1 r*> d 

~z LLx J. clL. C 


ouaT/ion 


vra.11id.L1 e 


Station 


Oro-inat e 


— U.Uo ( 


1 llllS! 

X . t T t tO 


— n "077 


«o oUp 




P P7P 


•5 




♦ I 2 


P ItPJP! 
c « too 


7 R 

• f 5 


7 7Q 




P Q 71 


"1 PR 


"*(UO| 


P R 


1 £1 7 


P R 


—X . X c_x 


R 0 


R.177 


R 0 


_J .7 ok 


7 R 


6 ^0R " 


7 R 


—1 . 7A7 

—X a J | 


TO 


7.276 


10 

X V 


--1 .Hoo 


15 


8.916 


1 R 


-I.Htj 

—X . -TJ [ 


20 


10.267 


20 


-l.HR^ 


25 


11. 3'63 


25 


-1.H5S 


30 


12.217 


3D 


-I.H83 


35 


12.831 


35 


-1.517 


Ho 


13.166 


Ho 


-L565 


H5 


I3.2H3 


H5 


-1.620 


50 


13.017 


50 


-1.679 


55 


12„H28 


55 


-1.721 


60 


11.H59 


60 


-1.75H 


65 


IO.O73 


65 


-I.766 


70 


S.3HO 


70 


-1.660 


75 


6.H20 


75 


-I.H70 


.80 


H.65O 


.80 


-l.lbO 


' 85 


3.2^0 


85 


-.710 


90 


2.370 


90 


-.090 


95 


1.870 


95 


.730 


100 


1.750 


106 


I.75O 
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TABLE I 

AIKJOIL-SECTION OEDINATES - Continued. 



HAGA- 3-H-I3.5 



Upper surface 



Station 



-O.O79 
.454 
.682 
.I.I36 
. .2.273 
,4.546 
>6.818 
.9.091 
13^36 
18 .182 

22,727 
2.7.273 

. .31. -gig 

36,364 
:.. 45*454 

50rOO'O 

54,-546 
59.091 

6s.,-is2 

72.727 
77.273 

SI .SI 8 

S&,364 

90.909 
95.lj.5J4. 

X00.000 



Ordinate 



1.316 

2.029 
2.262 
2.665 
3.466 
4.706 
5.732 
6.615 
g.105 

9.33^ 
10.330 

11.106 
11.664 
11.969 
15.039 
11.834 
11.29s 
10.417 

9.157 
7.727 
6.309 

. 4.955 
' 3-782 
2.273 

2.232 

1.873 

1.655 
1.591 



Lower surface 



Station 



-0.070 
.454 
.682 
1.136 
2.273 
4.546 
6. SIS 
9.091 
13.636 
18.182 
22.727 
27.273 
JLVSlg 
36.364 
40.909 
45 ••454 
50.000 
54.546 
59.091 
63.636 
68.182 

•72.727 

77.273 

SI. SIS 
■S6.364 

90.909 
95.454 

100*000 



Ordinate 



-O.O3S 

♦-.595 
-.672 
— 0S06 
-1.019 
-1*185 
-1.243 

-1.273 
-I.306 

-1.321 
-1.325 
-1.34s 

-1.379 
-1.423 
-1.473 
-1.526 
-1.565 

-1.595 
-1.605 

-I.601 

-1.561 

-1,467 

-1.264 

-.991 
-.564 

0 

.71s 
1.591 



NACA 4-H-12.4 


Upper 


surface 


Lower 


surface 


Station 


Ordinate 


Station 


■ . 

Ordinate 


-O.O72 


1.207 


-0.064 


-0.035 


.417 


1.860 


*.4i7 


-.546 


.625 .. 


2.O73 


.625 


— ,6l6 


1.042 


2,442 


l o 042 


-739 


2.083 


3,17s 


2*083 


-.934 


4;i67 


4.314 


.4.167 


-UOS7 


6^50 


5.254 


■6*250 


«l\.l39 


s.333 


. 0.063 


8,333 


-1.167 


12; 500 


7.430 


■ 12*500 


-1.198 


16.667 


8,556 


16.667 


-1.211 


20.S33 


9.469 


20.833 


-1.215 


25.000 


. 10,181 


2.5.000 


. -I.236 


2S.167 


10,692 


29r.i67 


.-1.264 


33.333 


IO.972 • 


33.333 


-r.304 


37,500 


' 1*1. 036 


37'.500 


-r.350 


4iv667 


IO. 8 48 


4r.667 


x * j j j 


45,833 


10.357 


.. 45*. S33 


-1-.434 


. 50.006 


S<>549 


' -5.cy.000. 


-r.4i7 


54,167 


3.394 


54.167 


. -r.472 




7:150 


58'. 333 


-r.46s 


62.-500 


5.933 


627500. 


-r.450 


66.667 


4*800 


66V667 


-1.433 


70.833 


3.750 


70\833 


-1-.392 


75.000 


'2,808 


75.000 


-l'.333 


79T.167 


1.983 


79V167 


-1V233 


S3- 333 


1,300 


83.333 


-i:.os3 


- 87.500 


•733 


87.500 


-♦90.0 


91.667 


' .325 


91-667 


-.658 


'95.833 


.083 


95.833 


-.35s 


100.000 


0 


100.000 


0 
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TABLE I 

A.IKF0IL-S3CTION 0KDI1TAIES - Continued 



MCA 


Upper surface 


Lower surface 


Station 


Ordinate 


Station 


Ordinate 


0 


. 0. 


0 


... 0 . 


.192 


1.225 


.80S' 


-.881 


.409 


1.501 


1.091 


-1.015 


.861 


1.973 


1.639 


-1.229 ■ 


2.040 


2.899 


2.960 
5-524 . 


-1.599 : 


4.476 


4.294 


-2.080 


6.953 


5.390 


8.047 


-2.422' 


9.454 


6.311 


10.546 


-2.6S5 


14.492 


7.77H 


15.50.8 


-3.090 ' 


• 19.565 


8. 904 


20.435 


-3.39^ 


• 24.663 . 


9. 73^4 


25.337 


-3.626 


■ 29.722 


10.331 


30. 218 


-3. SIS : 


• 34.922 


10.709 


35.O7S 


>3.993 


4o. 090 


io.s4i 


39.9IO 


-4.123 


■ 45.291 


10.708 


44.709- 


-4.250 


•50.635 


10.171 


^9.365 


-4.351 


| 55.759 
I 60.772 


9.275 


54.241. 


-4.459 


S.193 


59.228 


-4.547 


! 65.703 


6.955. 


64.297 


-4.541 


70.575 


' 5.658" 


69.^25 


-4.426 


75.400 


^.356 


74..60Q 


-4a66 


60.157 


3.09S 


79.*&3 


-3. 6 66 


84.996 


2.003 


85.00^ 


-2.793 


39.96S 


1.037 


90.03$ 


— 1 0 693 


! 94.983 


.372 


I 95.017 


.-,,656 


100.000 


0 


1 100.000 


. 0 

1 



L» 33. radius: 1.42 



2TACA b-H-15 



Upper surface 



Station 



0 

.097 
.302 
.736 

1.889 
4.300 
6.768 
9.2&7 
14.317 
i9o4i4 
24.546 
29.706 

34.895 
40.131 

45.392 
50.855 
56.020 
61. 03^ 
65.943 
70.772^ 
75. 53^ 

80.211 

84.994 

89-957 

94.977 
100.000 



Ordinate 



0 

1.252 
1.552. 
2.068 
3.090 

4.647 
5. S78 

6.919 
S.575 

9.655 
10,796 
11.468 

11.883 
12.017 

11.834 
11.168 
10.084 

8.7.9^ 

7.3^5 
5.848 

2.996 
1.865 

.980 
.322 

0 



Lower surface 



Station 



0 

.903 
1.198 
1.764 
3.111 
5.700 
8.232 
10.733 

15. 6S3 
20.5S6 
25.4.54 
30.294 

35.105 
39.879 
44. 608 

49.145 
53. 980 

58.965 
64.057 
69.228 
74.462 

79.789 
85.006 
90.643 
95.023 
100.000 



Ordinate 



0 

-.788 
-.896 

-1.064 

-i.33 1 ^ 
-1.659 
-1.872 

-2.023 
-2.251 

-2.417 
-2.550 
-2.676 
-2.S17 

-2.947 

-3.116 

-3.310 

-3.582 
-3.S72 

-4.085 
-4.184 
-4.118 

-3.762 

-2.931 

-1.79s 
-.706 

0 



L. S. radius: 1,42 
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TABLE II 



AIRFOIL SECTION CHARACTERISTICS 



Airfoil 


b u max 


Reynolds 
nmnb er , 
R 


Sue. 


Low- 
drag 
range 


(4. / \ 


1 

) 

* 1 
t/c at 
x/c=0.25 ''max 

< 


Reynolds 
numb er , 
R 


Critical 
Mach 
number 





Chord 
(in. ) 


Aerodynamic 
center 

(.percent c 
ahead of 
c/k) 


MCA 
l-H-15 


21b 


2.60x10 6 


-O.O52 


0.53 

to 
I.05 


o.iUsS 


0.1282 


1.29 


2.60xl0 S ' 


0.5S 


0.53 


2k 


0 


MCA 
2-H-15 


16S 


2.b7 


-0.029 


0.51 

to 

0.87 




.'12-g2 


1 .29 


2-39 


.56 


.70 


2k 


0 


MCA 
3-H-13.5 


I63 


2.60 


0.003j 


to 


.1352 


.120S 


1.20 


2.9*4 


.56 


.60 


26.6 


0 


MCA 
l4-.H-12.li- 


isu 


2.60 


-0.010 


w , , , 

to 
1.00 


.123-9 


.114-2 


1.30 


2.60 


•55 


.65 


2S.g 


-1.70 


MCA 
5-H-15 


131 


2.67 

! 


0.002 


0.16 

to 

0,77 


.1500 


.1339 


1.1^ 


2.67 


.60 


.1+2 


2k 


0 


MCA 
6-H-I5 ■ 


1 ] 43 


! 
! 

2.58 


0 


0.-30 

to 

0.9U 


.1500 


•1339 


1.17 


2.k2 


• 57 


o9 


2k 


0 


MCA 

23015 


101 


2.60 


-0.005 




.1500 


,lkS6 


1.52 


2.60 




.50 


2k 


.1.25 



1TACA 



Fig. 3 




Section angle of attack, a 0 , deg 



figure 3.- Variation of c^ and c n i a>c . with a 0 for NACA l-H-15 airfoil, section. 




Figure 4 T - 



Pressure distribution on NACA l-H-15 airfoil section at 
c x = 0,53. ' R = 2.60 x 10 6 . 
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Fig. 6 
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Section angle of attack, co 0 , deg 
Figure 6.- Variation of c-^ and o m&mCm with a 0 for NACA 2-H-15 airfoil section. 
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Figure 7.- Pressure distribution on MCA 2-H-15 airfoil section at 
c\ ='0.70. R = 2.S7 x 10 5 . 
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Fig. 9 




4 8- 12 ( 16 

Section angle of attack, a 0 , deg 

Figure 9.- Variation of c^ and c mguc# with a 0 for NACA 3-H-13.5 
airfoil section. 
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Fig. 10 




Figure. 10.- Pressure distribution on 1TACA 3-H-13.5 airfoil 
section at c n = 0.60, R = 2.94 x 10 6 . 
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Figure 14.- Lift-drag polar for UACA 5-H-15 airfoil section. 
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Figure 15.- Variation of Ci, and c mg<c# with cf< Q for MCA 5-H-15 airfoil 
section' 
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Fig. 16 
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Figure 17.- Lift-drag polar for HACA 6-H-15 airfoil section. 




J J — i 1 L_ _J —J 1 -J2 # I -J 

81 '%U . >2!C VOTH 



Fig. 19 



33< 

































• O 
+ 


Upper 
Lower 


surf a 
surfa 




























r 




r 

>— O— ■ 


_Y 












9 




Upper 
















i 




















T 




















r 
















\ 




















VI 

V 

— \ 






_H 




K — H — " 


^.+- > 






\ 






/ 




Lower 
















- — 
/ 




















— 









































0 



.2 



.4 



.6 



x/ c 



.8 



1.0 



Figure 19.- Pressure distribution on HACA 6-H-15 airfoil section 
at ci = 0.59. R « 2.58 x 10 6 . 
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Figure 22.- Lift-drag polar for NACA 5-H-15 airfoil section; 
airfoil nose roughened. 



